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1
LASER PROCESSING METHOD FOR WAFER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a laser processing method
for a water including the step of applying a laser beam having
a transmission wavelength to the wafer toward the back side
of the water along division lines in the condition where the
focal point of the laser beam 1s set inside the water, thereby
forming a modified layer imnside the watfer along each division
line, wherein the modified layer 1s not formed 1n a peripheral
marginal area where no devices are formed.

2. Description of the Related Art

There 1s a waler having a plurality of devices formed on the
front side so as to be partitioned by a plurality of division
lines. The water 1s cut along the division lines to obtain the
individual devices. For example, an optical device waler 1s
provided by forming an epitaxial layer of gallium nitride
(GaNlN) or the like on the front side of a sapphire substrate, S1C
substrate, or the like, wherein the epitaxial layer includes a
plurality of optical devices such as LEDs partitioned by a
plurality of division lines. The optical device water 1s divided
into the idividual optical devices by applying a laser beam
along the division lines. The optical devices thus obtained are
used 1n various equipment such as a liquid crystal television
and a personal computer.

As a method of dividing such a wafer, there 1s a method
using a laser beam having an absorption wavelength (e.g., 266
nm) to a sapphire substrate to thereby form a division groove
along each division line on the front side of the sapphire
substrate by ablation and next applying an external force to
cach division groove to thereby divide the watfer into the
individual optical devices (see Japanese Patent Laid-open
No. He1 10-305420, for example). In this method, however, a
tfused material due to the ablation 1s deposited to the periphery
ol each optical device, causing a reduction in luminance of
cach optical device.

To solve this problem, there has been put to practical use a
method mncluding the steps of applying a laser beam having a
transmission wavelength (e.g., 1064 nm) to a sapphire sub-
strate along the division lines toward the back side where the
epitaxial layer 1s not formed 1n the condition where the focal
point of the laser beam 1s set inside the wafer, thereby forming,
a modified layer inside the water along each division line, and
next applying an external force to the water to thereby divide
the watfer along each division line. According to this method,
the generation of a fused material can be suppressed (see
Japanese Patent No. 3408805, for example).

SUMMARY OF THE INVENTION

However, 1n the case that the modified layer 1s formed
inside the water along each division line, there 1s a possibility
that the wafer may be broken from the modified layer in the
subsequent transporting step. Further, 1n the case that a reflec-
tion film of gold, aluminum, etc. 1s formed on the back side of
an optical device watler, the laser beam cannot be applied
toward the back side of the wafer.

It 1s therefore an object of the present invention to provide
a laser processing method for a waler which can eliminate the
possibility that the waler may be broken from the modified
layer in transporting the water. It 1s another object of the
present invention to provide a laser processing method for a
waler which can form the modified layer inside the watfer by
applying a laser beam even in the case of forming a reflection
film on the back side of the water.
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In accordance with an aspect of the present invention, there
1s provided a processing method for a waler having a device

area where a plurality of devices are formed and a peripheral
marginal area surrounding the device area, the plurality of
devices being respectively formed 1n a plurality of regions
partitioned by a plurality of division lines formed on the front
side of the water, the processing method including a modified
layer forming step of holding the wafer on a chuck table in the
condition where the back side of the wafer 1s exposed and
applying a laser beam having a transmission wavelength to
the wafer toward the back side of the waler along the division
lines 1n the condition where the focal point of the laser beam
1s set 1nside the water, thereby forming a modified layer as a
division start point inside the water along each division line;
and a transporting step of unloading the watfer from the chuck
table and transporting the water to a position where a step to
be next performed; wherein the modified layer 1s not formed
in the peripheral marginal area of the watfer in the modified
layer forming step to thereby form a reinforcing portion in the
peripheral marginal area.

In the case that the water 1s an optical device waler com-
posed of a sapphire substrate and an epitaxial layer formed on
the front side of the sapphire substrate, the epitaxial layer
including a plurality of optical devices respectively formed 1n
a plurality of regions partitioned by a plurality of division
lines, the water 1s transported by the transporting step to a
position for performing a back processing step of forming a
reflection film on the back side of the wafer.

Preferably, the processing method further includes a divid-
ing step of applying an external force to the division lines of
the waler to thereby divide the water into the individual
devices alter performing the modified layer forming step.

According to the present invention, the reimnforcing portion
having no modified layers 1s formed in the peripheral mar-
ginal area of the watfer in the modified layer forming step.
Accordingly, there 1s no possibility that the water may be
broken from the modified layers as a break start point in the
subsequent transporting step. Further, even 1n the case that a
reflection film 1s formed on the back side of the wafer, the
reflection film has not yet been formed at the time of perform-
ing the modified layer forming step. Accordingly, regardless
of whether or not the water 1s a water to be processed to form
a reflection film on the back side of the water, the modified
layer can be formed 1nside the watler along each division line.
Moreover, the waler can be transported to the position for
performing the back processing step 1n the condition where
breakage of the water from the modified layers 1s prevented.
Accordingly, the reflection film can be formed on the back
side of the water in the back processing step, thus supporting
the manufacture of an optical device wafer.

The above and other objects, features and advantages of the
present invention and the manner of realizing them will
become more apparent, and the invention itself will best be
understood from a study of the following description and
appended claims with reference to the attached drawings
showing some preferred embodiments of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a manner of attaching
a protective member to the front side of a waler;

FIG. 2 15 a perspective view showing a manner of holding
the waler on a chuck table so that the protective member
attached to the front side of the waler comes 1nto contact with
the upper surface of the chuck table;

FIG. 3 1s a perspective view showing a manner of forming,
a plurality of modified layers inside the wafer;



US 8,541,287 B2

3

FIG. 4 1s a sectional view showing the manner of forming,
a plurality of modified layers inside the wafer;

FI1G. 5 1s a perspective view of the water inside of which the
modified layers are formed;

FIG. 6 1s a sectional view showing a peripheral reinforcing,
portion and one of the modified layers formed in the water
shown 1n FIG. §;

FIG. 7 1s an elevational view showing a manner of trans-
porting the water held on the chuck table;

FIG. 8 15 an elevational view of the wafer 1n the condition
where a reflection film 1s formed on the back side of the wafer;

FIG. 9 1s a perspective view of the waler in the condition
where the retlection film formed on the back side of the water
1s attached to a dicing tape supported to an annular frame and
the protective tape attached to the front side of the water 1s
removed;

FI1G. 10 1s a sectional view showing a dividing step; and

FI1G. 11 1s an enlarged plan view showing a modification of
the water.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, the water W 1s an optical device waler
configured by forming a light emitting layer (epitaxial layer)
on the front side of a sapphire substrate. A plurality of cross-
ing division lines S are formed on a front side Wa of the wafer
W to thereby partition a plurality of rectangular regions where
a plurality of optical devices D are respectively formed. The
optical devices D are formed 1n a device area W1 and are not
formed 1n a peripheral marginal area W2. The device area W1
1s surrounded by the peripheral marginal area W2.

(1) Modified Layer Forming Step

As shown 1n FIG. 1, a protective member 1 such as a
protective tape 1s attached to the front side Wa of the water W.
As shown 1n FIG. 2, the water W with the protective member
1 attached to the front side Wa 1s turned upside down and
placed on achuck table 2 of alaser processing apparatus in the
condition where the protective member 1 attached to the front
side Wa comes into contact with the upper surface of the
chuck table 2. Then, the wafer W 1s held under suction on the
upper suriace of the chuck table 2 1n 1ts sucking portion 20 in
the condition where the back side Wb of the waler W 1s
oriented upward, or exposed. At this time, a reflection film has
not yet been formed on the back side Wb.

In this step, the division lines S to which a laser beam 1s to
be applied are detected. This detection may be made by pro-
viding an ordinary camera on the chuck table 2 side opposed
to the front side Wa of the water W and imaging the front side
Wa. Alternatively, this detection may be made by providing
an infrared camera above the back side Wb of the water W and
imaging the front side Wa from the back side Wb through the
waler W by using infrared light.

As shown 1n FIG. 3, a laser beam 30 1s applied from a laser
applying head 3 toward the back side Wb of the water W held
on the chuck table 2 as moving the chuck table 2 in the X
direction. The laser beam 30 has a transmission wavelength to
the water W. As shown 1n FIG. 4, the laser beam 30 1s applied
toward the back side Wb of the water W along the division
lines S formed on the front side Wa 1n the condition where the
tocal point 31 of the laser beam 30 1s set inside the waler W.
For example, this laser processing 1s performed under the
tollowing conditions.

Light source: YAG pulsed laser
Wavelength: 1064 nm

Average power: 0.1 t0 0.4 W
Repetition frequency: 100 kHz
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Feed speed: 300 to 800 mm/second

Thickness of the sapphire substrate: 120 um

Position of the focal point: 60 um from the back side

Width of the modified layer: 30 um

This laser processing 1s performed along a predetermined
one of the division lines S extending in a first direction to
thereby form a modified layer 32. Thereatter, the laser apply-
ing head 3 1s indexed 1n the Y direction by the pitch of the
division lines to similarly perform the laser processing along
the other division lines S extending in the first direction,
thereby forming a plurality of modified layers 32 inside the
waler W along all of the division lines S extending in the first
direction. Thereatter, the chuck table 2 1s rotated 90° to simi-
larly perform the laser processing along all of the division
lines S extending 1n a second direction perpendicular to the
first direction, thereby forming a plurality of modified layers
32 inside the water W along all of the division lines S extend-
ing 1n the second direction. As a result, the crossing modified
layers 32 are formed inside the water W along all of the
crossing division lines S extending in the first and second
directions as shown 1n FI1G. 5. Each modified layer 32 func-
tions as a division start point in dividing the wafer W.

In forming the modified layers 32, the laser beam 30 1s
applied to only the device area W1 of the water W, and the
laser beam 30 1s not applied to the peripheral marginal area

W2 of the wafer W. Accordingly, as shown 1n FIGS. 5 and 6,

an annular reinforcing portion W3 having no modified layers
1s formed in the peripheral marginal area W2. That 1s, 11 the
modified layers 32 are formed also 1n the peripheral marginal
arca W2, the water W 1s easily broken. However, such easy
breakage of the waler W can be prevented by the reinforcing
portion W3. This modified layer forming step 1s performed
betfore forming a metal film (reflection film) on the back side
Wb of the water W. Accordingly, there 1s no obstacle on the
waler W 1n applying the laser beam to the water W toward the
back side Wb, so that the laser beam can be reliably focused
inside the water W.
(2) Transporting Step

As shown 1n FIG. 7, the water W having the modified
layers 32 formed in the device area W1 1s unloaded from the

chuck table 2 and transported to a position where the next step
1s to be performed. For example, this transporting step is
performed by using transporting means 4 having an arm
portion 40 and a sucking portion 41 provided at the lower end
of the arm portion 40. That is, the back side Wb of the wafer
W 1s held under suction by the sucking portion 41 of the
transporting means 4 and the arm portion 40 1s moved to
thereby transport the wafer W held by the sucking portion 41
to an apparatus for performing the next step. In the water W to
be transported by the transporting step, the modified layers 32
are Tormed 1n only the device area W1 and the reinforcing
portion W3 having no modified layers 1s formed around the
device area W1. Accordingly, even when any external force 1s
applied to the wafter W in the transporting step, there 1s no
possibility that the water W may be broken along the modified
layers 32.
(3) Back Processing Step

The water W 1s transported by the transporting step to an
apparatus for performing a back processing step of forming a
reflection film on the back side Wb of the water W. As shown
in FIG. 8, aretlection film 35 of gold, aluminum, etc. 1s formed
on the back side Wb of the water W 1n the back processing
step. This reflection film 3 1s formed to 1improve the lumi-
nance of each optical device. For example, the reflection film
5 1s formed by evaporation, sputtering, CVD, etc. Since the
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waler W 1s not broken 1n the transporting step as described
above, the reflection film S can be reliably formed on the back

side Wb of the water W.
(4) Dividing Step

After performing the back processing step, the waler W 1s
attached to a dicing tape T 1n the condition where the retlec-
tion film 5 formed on the back side Wb comes into contact
with the dicing tape T. An annular frame F 1s preliminarily
attached to the peripheral portion of the dicing tape T, so that
the water W 1s supported through the dicing tape T to the
annular frame F. Further, the protective member 1 is peeled
off from the front side Wa of the water W at this time.

In the condition where the water W 1s supported through
the dicing tape T to the annular frame F as described above,
the reflection film 5 formed on the back side Wb of the water
W 1s held under suction at any adjacent optical devices D1 and
D2 by a pair of sucking portions 60 and 61 through the dicing
tape T as shown 1n FIG. 10. In this suction holding condition,
the sucking portions 60 and 61 are moved 1n opposite hori-
zontal directions B and C as shown 1n FI1G. 10, thereby apply-
ing a horizontal external force to the division line S between
these adjacent optical devices D1 and D2. As a result, the
modified layer 32 extending along the division line S between
the adjacent optical devices D1 and D2 starts to be broken,
thereby separating the optical devices D1 and D2 from each
other. Stmilarly, all of the other optical devices are separated
along the division lines S, thus dividing the wafer W into the
individual optical devices D. The reflection film 5 remains on
the back side of each optical device D.

In the case of a water Wx shown 1n FIG. 11, a part of the
optical devices D 1s formed close to the outer circumierence
We of the water Wx and the width of the peripheral marginal
area W2 1s accordingly very small. In this case, the modified
layers 32 are formed 1n the modified layer forming step so that
the opposite ends of each modified layer 32 do not reach the
outer circumierence of the device area W1. That 1s, the modi-
fied layers 32 are formed so that the optical devices D are not
completely separated along the modified layers 32, thereby
making the width of the reinforcing portion W3 larger than
the width of the peripheral marginal area W2. In the next
dividing step, the tensile force for separating the adjacent
optical devices from each other along each modified layer 32
as a break start point 1s utilized to cut the reinforcing portion
W3 along the extension lines 32a of the modified layers 32 as
shown in FIG. 11. In such a case that a part of the optical
devices D 1s formed close to the outer circumierence We of
the waler Wx, the reinforcing portion W3 1s formed so as to
radially inwardly extend from the peripheral marginal area
W2 into the device area W1.

The present 1mvention 1s not limited to the details of the
above described preferred embodiments. The scope of the
invention 1s defined by the appended claims and all changes
and modifications as fall within the equivalence of the scope
of the claims are therefore to be embraced by the invention.

What 1s claimed 1s:

1. A processing method for a waler having a device area
where a plurality of devices are formed and an annular periph-
eral marginal area surrounding said device area, said plurality
of devices being respectively formed 1n a plurality of regions
partitioned by a plurality of division lines formed on a front
side of said water, said processing method comprising:
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a modified layer forming step of holding said wafer on a
chuck table i the condition where a back side of said
waler 1s exposed and applying a laser beam having a
transmission wavelength to said water toward the back
side of said water along said division lines 1n the condi-
tion where the focal point of said laser beam 1s set inside
said wafer, thereby forming a modified layer as a divi-
sion start point inside said wafer along each division
line, wherein during said modified layer forming step,
said laser beam 1s only applied to said water 1s said
device area and 1s not applied to said wafer in said
annular peripheral marginal area; and

a transporting step of unloading said water from said chuck
table and transporting said wafer to a position where a
step to be next performed;

wherein said modified layer 1s not formed 1n said annular
peripheral marginal area of said watfer 1n said modified
layer forming step to thereby form an annular reinforc-
ing portion in said annular peripheral marginal area.

2. The processing method for a water according to claim 1,
further comprising a dividing step of applying an external
force to said division lines of said water to thereby divide said
waler into said individual devices after performing said modi-
fied layer forming step.

3. A processing method for a waler having a device area
where a plurality of devices are formed and a peripheral
marginal area surrounding said device area, said plurality of
devices being respectively formed 1n a plurality of regions
partitioned by a plurality of division lines formed on a front
side of said water, said processing method comprising:

a modified layer forming step of holding said wafer on a
chuck table 1n the condition where a back side of said
waler 1s exposed and applying a laser beam having a
transmission wavelength to said water toward the back
side of said waler along said division lines 1n the condi-
tion where the focal point of said laser beam 1s set inside
said wafer, thereby forming a modified layer as a divi-
sion start point mside said watfer along each division
line; and

a transporting step of unloading said water from said chuck
table and transporting said watfer to a position where a
step to be next performed;

wherein said modified layer 1s not formed 1n said periph-
eral marginal area of said wafer 1n said modified layer
forming step to thereby form a reinforcing portion in
said peripheral marginal area;

wherein:

said water comprises an optical device waler composed of
a sapphire substrate and a plurality of optical devices
formed on a front side of said sapphire substrate 1n a
plurality of regions partitioned by a plurality of division
lines:; and

said step to be next performed aiter performing said trans-
porting step includes a back processing step of forming
a reflection film on a back side of said optical device
walfer.

4. The processing method for a water according to claim 3,
further comprising a dividing step of applying an external
force to said division lines of said water to thereby divide said
water into said individual devices atter performing said modi-
fied layer forming step.
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